We report a systematic study of the polarization switching behavior during single mode emission in gain-guided VCSELs. An explanation for polarization switching in VCSELs has been offered by Choquette et al. [l] based on the fact that self heating of the devices by the injected current changes the relative spectral alignment between the laser gain and the cavity resonances of non-degenerate polarization states. A theoretical model including magnetic sub-levels of the conduction and heavy-hole valence bands in a quantum-well VCSELs predicts additional polarization switchmg mechanisms that occur even when the active region temperature is kept constant. We show experimental evidence of such polarization switching at constant active region temperature.
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The lasers used in this study are proton-implanted AlGaAslGaAs multiple quantum well VCSELs on a linear array of devices with active region diameter of 15 pm and top contact window diameter of 12 pm, operating around 850 nm. Fig. l(a) shows the LI taken at 8 "C substrate temperature. Polarization switching is abrupt and occurs at 8.5 mA. A first evidence of non-thermal mechanisms is shown in Fig. l@) , where we have plotted the domains of polarization dominance taking into account the temperature raise of the active region which occurs as the current is increased. The active region temperature was obtained from the measured dissipated power and the measured value of 1.52 "C /mW for the thermal resistance. The boundary between the dominance regions of the different polarization is not a horizontal line corresponding to the temperature at which the cavity resonances exactly match the material gain, as would be expected from purely thermal switching.
To obtain direct evidence of non-thermal switching the effects of the temperature on the polarization dynamics of VCSELs were minimized by performing LIV measurements using short current ramps at low duty cycle. The duration of the ramps was chosen to be 100 ns, slow enough to ensure that the measurements are taken in a quasi-steady situation but fast enough to avoid the effect of self-heating. The active region temperature was constant as evidenced by time-resolved spectrum measurements of the VCSEL output which showed a small blue shift (<OS A) of the wavelength emission during the pulse duration. A typical LI measurement obtained for this excitation condition at 8 "C substrate temperature using a pre-bias current of 3 mA is shown in Fig. 2(a) .
The data shows clear experimental evidence of non-thermal switching. We plot in Fig. 2@ ) the domains of polarization dominance as a function of active region temperatures, given by the substrate temperature and the self-heating produced by the pre-bias current, which does not change during the current ramp. The model [2] predicts a linear dependence of the switching current normalized to threshold with the active region temperature, in good agreement with our experimental results. The solid line in Fig. 3 represents the fitting of the experimental data using typical parameters.
In s u m m q , polarization switching at constant active region temperature has been observed. This result indicates that new physical mechanisms, unrelated to temperature changes, also cause polarization switching in VCSELs.
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